We have examined the problem of identifying carriers of hemophilia A by using three comparative studies: the human AHF-inhibitorneutralization test, the rabbit anti-human AHF antiserum-neutralization test, and quantitative immunoelectrophoresis. Twelve out of 22 (54.5~) definite carriers could be distinguished on the basis of their VIII : C alone; 19 out of 22 (86yo) could be detected on the basis of the ratio of VIII : C to VIII : AG at the 99Yo confidence limit, and 20 out of 22 (91~) could be detected if both were taken into account. It is concluded that consideration of the level of VIII : C as well as the ratio of VIII : C to VIII : AG is the most reliable means of detecting the carrier state. Application of this method to 16 probable and 14 potential carriers identified the carrier state in 11 and 9, respectively.
INTRODUCTION
Hemophilia A is a prototype of an X-chromosome linked recessive trait characterized by decreased plasma factor VIII (procoagulant activity of antihemophilic factor VIII:C) levels as measured by specific clotting assays. Ordinarily, the hemorrhagic tendency of this disorder is manifest only in males. Female carriers of the abnormal gene are usually asymptomatic. Detection of carriers of hemophilia A remains a difficult and still controversial problem. Hitherto, detection of the carrier state has depended upon the measurement of VIII:C. It has been shown that carriers of hemophilia A have on average a lower plasma level of VIII :C than normal women. But the wide range of overlapping values makes it possible to identify only about a half of the carriers by this means (Rapaport et aL, 1960; Ikari, 1969) .
Recent studies by the antibody-neutralization method have demonstrated that in some patients with hemophilia A, an immunological cross-reacting material (VIII:CRM) can be detected, while in others it cannot (Denson et al., 1969) . Other recent studies have shown the presence of normal or increased amounts of an inactive protein, antigenically similar to normal factor VIII, in the plasma of all hemophilia A patients tested. This antigenic material is called "factor VIII-like antigen" (VIII :AG) (Zimmerman et al., 1971) .
The present paper is concerned with an approach to the carrier detection of hemophilia A using two immunological assay methods, namely, the inhibitor-or antibody-neutralization method and immunoelectrophoresis.
MATERIALS AND METHODS
Fifty two women belonging to families with a history of hemophilia and registered at National Osaka Hospital were studied. Table 1 shows the three groups of carriers investigated. The term "definite carrier" was used to designate the daughter of an individual with hemophilia, the mother of more than one hemophiliac, or the mother of one hemophiliac when she had other hemophilic relatives. The term "probable carrier" described those women who had only one affected son and no other known affected relatives. The term "potential carrier" described daughters, sisters, or mothers of definite or probable carriers (Mersky and Macfarlane, 1951; Rapaport et al., 1960) . According to the criteria mentioned above, in the present study, 22 of the women investigated were regarded as definite, 16 as probable and 14 as potential carriers. None of the women had a history of hemorrhagic symptoms or were known to be pregnant. The control group comprised 25 non-pregnant females and laboratory and hospital personnel with no familial or personal bleeding tendencies.
1) Factor VIII procoagulant assay. Anticoagulation was carried out with one part 0.1 i sodium oxalate to nine parts blood. Platelet-poor plasma (PPP) was prepared by centrifugation at 3000 O for 15 min at 4~ The assay of VIII: C was done on fresh plasma within three hours after sampling with the one stage method (Hardisty and Macpherson, 1962) . The rest of the plasma was stored in plastic containers at -70~ for no more than one month and used for two immunological assays based on the antibody-neutralization test and immuno-electrophoresis. All 2) Immunoassay. a) The amount of inhibitor-neutralization activity (VIII: CRM~) was measured by inhibition of the anti-AHF activity of the human AHFinhibitor, developed in a severe case of hemophilia A, in test plasma.
b) The amount of antibody-neutralization activity (VIII :CRMR) was also measured by inhibition of the anti-AHF activity of the rabbit anti-human AHF antiserum in test plasma. Excess AHF-inhibitior or rabbit anti-AHF antiserum was mixed with the test plasma and allowed to react with any cross-reacting material present. The residual amount of antibody was then measured using inhibitor assay (Bloom et al., 1966) .
The difference between the total and residual antibody was proportional to the amount of neutralization activity in the test plasma.
The immunoassay was performed by incubating 0.1 ml (2 u/ml) of inhibitor or antibody with 0.1 ml of test plasma at 37~ for one hour and then at 4~ overnight. The precipitate was removed by centrifugation, 0.1 ml of supernatant was then incubated with 0.4 ml of normal PPP at 37~ one hour, and residual VIII:C was assayed. With each batch of tests, the PPP was incubated with non-immunized rabbit serum at 37~ for one hour. Figure 1 shows the schema for neutralization of AHF-inhibitor or rabbit anti-AHF antiserum by test plasma. One unit of antibody-neutralization activity is the amount present in 1 ml of normal pooled plasma. c) Quantitative immunoelectrophoresis of AHF was modified from the method of Laurell (1966) . VIII:AG was assayed in 1X agarose containing 0.3~ of antiserum to human-AHF (Behringwerke's "anti-AHG"). Eight pl of each diluted plasma were placed in wells 3 mm in diameter, and a constant potential of 10 V per cm applied for three hours. All determinations were done in blind and duplicate. One unit of VIII :AG is the amount present in 1 ml of normal pooled plasma. 
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Factor VIII assay after incubation at 37~ for 1 hour.
Neutralization of AHF-inhibitor or rabbit anti-AHF antiserum by test plasma. Table 2 . Mean, standard deviation and range of AHF procoagulant activity (VIII : C), inhibitor-neutralization activity (VIII : CRMI), rabbit anti-AHF antiserum-neutralization activity (VIII : CRMR) and AHFlike antigen (VIII : AG), and the ratios of VIII : C to VIII : CRM~, VIII : C to VIII : CRMR and VIII : C to VIII : AG in normals and 3 groups of carriers. 0.17 in definite carriers. The result of the three above ratios for normal women and carriers is plotted as a histogram in Fig. 2 . Most of the definite carriers showed a "specific ratio" which was at least two standard deviations less than the normal mean. This indicates that the last method, the estimation of the ratio of VIII:C to VIII :AG, is of some value in detecting the carrier state. The regression line relating VIII:C in plasma to VIII:AG in the same plasma in 25 normal women was calculated and the 95 and 99~ confidence belts obtained for individual observations by the statistical method (Fig. 3) . Figure 3 shows the relationship between VIII :C and VIII:AG in normal women and definite carriers. The center line is the regression line for the data obt~iined from normal women, the outermost lines represent the 99~ confidence belt, and the other two lines represent the 95~ confidence belt. The regression equation for normal women is y=0.24+ 0.74x, where y is VIII :C in units per milliliter, and x is the concentration of antigen in antigen units per milliliter. Nineteen of the 22 (86~) and 20 of the 22 (91~) definite carriers fell outside of the 99~ and 95~ confidence belts, respectively, while the determination of VIII :C alone detected the carrier state in 12 of the 22 (54.5~). However, one out of the three definite carriers who did not fall outside of the 99~ confidence belt could be distinguished on the basis of her VIII :C alone.
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Application of this method to 16 probable carriers identified the carrier state in 11 (69~) at the 99~ confidence limit. And nine of the 14 potential carriers (64~) were identified as carriers by this method. Figure 4 shows the relationship between of VIII :C and VIII :AG in probable and potential carriers. 
DISCUSSION
Measurement of F.VIII activity alone is a poor way of identifying carriers of hemophilia, except in the 33-50~ of them with VIII :C below 50~ (Veltkamp et al., 1968; Ikari, 1969) . No judgment can be made concerning the carrier state in women whose level of VIII:C is above 50~o.
Using the antibody-neutralizing method, Bennett and Huehns (1970) and Ekert et aL (1973) showed that the ratio of VIII:C to antibody-neutralization activity (VIII :CRMR) was significantly lowered in the plasma of known carriers. The former reported that in six definite carriers there was approximately twice the amount of cross-reacting material than expected from their VIII:C. The latter results confirmed this. They used only heterologous (heteroimmune) antibody in antibody blocking technique. We have investigated the anibody-neutralization tests not only with rabbit anti-human AHF serum, but also with human inhibitor developed in a severe hemophiliac. But we could not establish the identification of hemophilia carriers by these antibody-neutralization tests.
On the other hand, using a quantitative immunoelectrophoresis technique, Zimmerman et al. (1971) and Bennett and Ratnoff (1973) reported that hemophilia carriers had higher than normal VIII :AG, and that application of "specific ratio," the ratio of VIII :C to VIII :AG by Laurell's method, provided positive identification of carriers. This specific ratio has been found to increase the score of cartier detection to over 90~. In our study, 19 out of 22 (86~) definite carriers could be detected on the basis of specific ratio and 20 of 22 (91~o) if both VIII:C and specific ratio were taken into account. It is concluded that combined consideration of the level of VIII :C and the ratio of VIII :C to VIII :AG is most valuable method of detecting carriers of hemophilia A. Although the percentage of carriers detected is higher when the results of the ratio of VIII:C to VIII:AG are also taken into account, it is lower if compared with some previous reports (Table 3) . Theoretically, these discrepancies could be related to technical differences in the assay of both VIII:C and VIII :AG, or to the use of antisera with slightly different specificity. Our present data are in agreement with those of Bouma et al. (1975 ), Meyer et aL (1975 ), and Toraya et al. (1976 who tested a large series of carriers. According to these authors, 10-30yo of "hidden" definite carriers cannot be detected by present methods. Despite improved means of treatment of patients with hemophilia A, genetic counseling constitutes an important aspect of the management of the patient and his family. Nowadays, in genetic counseling we can explain not only the consequent risks, but also offer a means of identifying female carriers on the basis of significantly low specific ratio.
In our studies, 11 of 16 probable carriers and 9 of 14 potential carriers were identifical as carriers at the 99~ confidence limit. These results mean that sporadic cases were detected in 5 of the 16 families studied, and that 5 of the 14 potential carriers have about an 85~ chance of being normal. Prentice et al. (1975) reported the distressing case of a female relative of a hemophiliac who was predicted to be normal after linear discriminant analysis, but who later gave birth to a hemophilic son. As they described, we feel that, before drawing definite conclusion from this new technique, these predictive tests must be validated in practice by seeing whether probable or potential carriers give birth to normal or hemophilic sons.
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